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The  thermal  wave/mairage  effect  technique  is  applied  to  the  determination  of 
thermal  properties  of  polycrystalline  diamond  slabs  and  single  crystal  diamonds 
of  different  isotopic  compositions.  This  method  is  well-suited  for  these  kind 
of  materials. 
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Abstract,  i  he  tltermal  ■A.ive.niiraco  cii'oei  kvhnu|uc  is  .ippiicd  lo  ihc  dclcmiinaiuin  ol  lia'nii.ii 
:  '"!X‘r!n's  ni  p.viser\siaihne  lii.imona  slabs  arm  simile  erysial  dianiomis  ol  iliit'ereni  isoiopie 
,  oaipi'sinons  l  ias  meita>l  is  ueii  suueil  lor  lliese  kiiuls  ol  iii.iienais 


1.  Introduction 

I  h.iniond  as  a  inaienal  has  many  ouisiaiidinc  physical  properties.  'Hie  rareness  oi  larpe  riauirai 
-iiiele  ery  siais  and  ihe  Inch  eoniniereiai  value  has  prevenieo  larce  scale  applicaiions  ol  many  ot' 
.i.aniond  s  iisclulness  The  only  escepiion  is  ihe  use  as  abrasive  iiiatenal  of  syniheiie  diamond 
powder  ni.ide  by  Inch  pressure  .iiid  Inch  lemperalure  processes  with  a  volume  eyeeedinc 
several  hundred  Ions  per  year  There  are  two  reeenl  developments  that  are  ehancinc  the 
-niiaiion  Ihe  first  is  ihe  rapid  pnycress  m  ihe  teehnK|ue  ot  making  diamond  by  low 
I'.niperaiiire.  low  pressure  pnvesses.  .is  wiiiiessed  by  ihe  increasing  number  of  seientitle 
-onferences  and  public.iiions  dedieaied  lo  this  lopie.  I  hese  prix'esses  promise  not  only  high 
crowih  r.iic  .iiid  l.irge  area  production  of  polyerysialline  diamonds,  but  also  an  end  product 
w  hieli  h.is  pin  sical  propenies  appro.iciiing  those  of  pure  diamond  cry  stals.  'Hie  second  o  the 
reeenl  discovery|ll  that  isoiopie.iiiy  enriched  diamond  crystals  are  found  to  have  ,in 
esiraordin.iriiy  high  tliennal  eondueliv iiy.  .Single  crystal  diamonds  with  dd.d'y  ('■■  are  lound 
■  '  liave  .1  iherm.il  eonduciiviiy  .ilxiiii  .‘'ih'l  higher  than  ihe  besi  natural  diamond  erysiais  which 
-oniains  no  I  'I  C'-.  Since  diamond  is  alreadv  ihe  besi  itiermal  eoiidueior  ai  nxmi  lemperalure 
'ive  limes  belter  ihan  copper,  a  commonly  used  heal  sink  material)  this  tael  has  ohvioiis 
•vieniitie  and  indiisiri.il  impliealions. 

In  order  In  help  opiimire  ihe  produeiion  process,  u  is  imponam  ihe  ihermal  propenies  of 
maiiiond  maicrial  be  deteniimed  aeeuraieiy.  i|uiekly  and  preferably  non-dcstriietively.  The 
:hemi.il  w.ive, mirage  elfeel  melhod  developed  by  the  authors  in  recent  years|2,,f  1  has  proved  to 
meet  this  ehallenge  A'e  rcfmn  the  results  of  employing  this  method  to  measure  the  ihemial 
liffusivity  ol  ihin  sl.ih  polycrystalline  diamonds  at  room  temperature  and  single  crystal 
diamonds  of  various  isoiopie  eonienls  over  ihe  temperature  range  SO-ivOOK, 

\k'e  also  inircKliiee  a  miKiified  .'\ngsiroms  melhvxJ  in  which  ihe  in  solid  mirage  effect  is  used 
lo  measure  directly  Ihe  lempcratiirc  gradient  in  the  interior  of  a  diamond  eryslai.  This  method 
olfers  better  aeeiiraev  in  low  lemperalure  range  where  the  the  diffusivity  of  diamond  becomes 
eveeedingly  high 


2.  The  Experimental  Methods 

The  Ihemial  wave/mirage  efieet  nietluxi  for  the  nx.-asurcment  of  thermal  diffusiviiies  of  lay  ered 
materials  has  been  reponed  in  detail. 1 2. .^|  Briefly,  it  uses  a  modulated  laser  beam  focused  on 
ihe  surlaee  of  the  sample  as  an  allcmaiing  heat  source  to  launch  a  thermal  wave  in  the  solid  and 
ihe  surrounding  air.  A  second  laser  beam  is  bounced  from  the  surface  to  detect  the  temperature 
gradient  in  the  healed  region  Because  ibis  method  is  non-contact,  and  it  can  measure  disiancc 
and  time  with  great  precision,  it  is  verv  suitable  for  the  determination  of  thermal  diffusivitics  of 
ihin  films  or  thin  slab  maicnals. 

l  or  single  cry  stal  diamond  samples,  a  thin  layer  of  metal  film  has  to  be  deposited  on  the 
'iirfa' V  In  is  hi-ni  absorber.  The  film  is  necessary  for  any  method  which  requires  optical 
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■■c.uine  or  intrarcd  dotct  inni  Ai  vcrv-  low  lompcratiirc.  the  diiYusniiv  oi  diamomi  is  csik-^IlM 
:o  nss’  aiviui  three  orders  oi  niaeniuidc  over  Ms  room  temper.iuire  value.  I’his  makes  ii;e 
presence  ol  a  metal  film  not  so  neelieihle.  I  or  this  reason  we  have  resurrected  a  meihtxl  used 
t'v  .Angstrom  more  than  a  hundred  years  ago|-l|.  Anastrom  used  hot  and  cold  water  to  launch  a 
iheniial  wave  from  tsne  end  of  a  satt.plc  -nd  u.sed  thcmiiK'ouples  attached  to  vanes  locations 
along  the  sample  to  measure  the  phase  and  amplitude  of  the  ihemtal  wave  as  a  function  of 
distance  of  propagation  to  determine  the  thermal  diffusivity  of  the  sample.  In  our  modifieit 
methtxi,  the  in  solid  mirage  methtxl  is  used  to  replace  the  thentuK'ouples  as  the  temperature 
prohe.  The  schematic  of  the  experimental  arrangement  is  shown  in  I'ie.  1.  The  sample  is 
mounted  inside  a  lipuid  helium  dewar  w  ith  three  optical  w  tndi'ws.  The  He-.\e  laser  for  probe 
Ix’aitt  and  the  mirage  detector  are  amounted  in  a  single  unii  called  llie  Monobloc  developed  h\ 
('harNtiinier  cl  al|.s|.  '['he  use  of  the  .Monobloc  greatly  reduces  the  difficulty  of  scanning  the 
probe  beam  relative  lo  the  sample  and  reduces  low  frei.|uency  noises  from  mechanical 
V  ibrations. 


3.  Results 

We  have  applied  our  mirage  in  air  iechnu|ue  lo  a  variety  of  polycrystalline  diamond  slabs 
I'riKluced  by  a  wide  varieties  of  chemical  vapor  deposiiion  processes.  The  resulting  ihenttal 
dillusiviiies  varied  widely  wiih  prixess  parameters.  I'he  imemal  consislency  of  this  melhixi 


[•ig.  2  Results  of  the  mirage  in  solid  and  mirage  in-air  techniques  in  the  measurement  of 
ihcrmalconductiviiy  of  single  crystal  diamonds  of  different  isotopic  composition. 
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has  provided  manutacuirers  invaluable  inlomiaiion  to  improve  iheir  process  control.  The 
companson  w  ith  other  mcthtxls  tor  the  detemtination  of  thermal  properties  is  currentiv  under 
way.|t'l 

_  nave  applied  our  miraee-in-air  technique  to  sinele  crystal  diamonds  ol'dil'fercnt  isotopic 
compositions  in  the  temperature  range  ot'  S()-.i(X)K  Hie  results  are  siimmariz.ed  in  l  ig  .2. 


4.  Conclusions 

We  have  demonstrated  that  the  thennal  wavc/mirage  techni(|ue  is  suitable  tor  the  deteniiination 
ot'  thennal  properties  ot  diamond  materials  and  it  is  providing  a  valuable  service  to  help 
optiniue  the  producuon  prixtesses. 
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